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SUMMARY OF VGH AND V-G DATA OBTAINED FROM PISTON-ENGINE 

TRANSPORT AIRPLANES FROM 1947 TO 1958 

By Walter G .  Walker and Martin R .  Copp 

SUMMARY 

D a t a  obtained with VGH and V-G recorders from piston-engine air- 
planes used i n  feeder, short-haul, and long-haul transport  operations 
during 1947 t o  1958 have been analyzed and compared t o  determine the 
.:zriitions i n  the magnitude and frequency of occurrence of gust veloc- 
i t , i es ,  gust and maneuver accekiz t iczs ,  e n d  the associated airspeeds. 
Estimates of the overal l  gust and gust-acceleration h i s to r i e s  for 
extended operations were obtained i n  several cases by combining V-G 
and VGH data cbtained from the same operation. 

Maximum differences between t h e  gust acceleration frequencies f o r  
the various operations a re  about 40 t o  1 and are due primarily t o  d i f -  
ferences i n  airplane wing loadings and, t o  a l e s se r  extent, t o  d i f f e r -  
yr1c-s i n  the gusts encountered and airspeeds flown i n  rough air .  In  
general, operational maneuver accelerations a re  smaller and occur l e s s  
frequently than gust accelerations. However, differences between f r e -  
quencies of occurrence of check-flight maneuver accelerations f o r  *.he 
various operations a re  as high as 100 t o  1 and, f o r  some operations, 
posit ive check-flight maneuver accelerations are as large and occw as 
frequently as gust accelerations. 
f l i g h t  experienced during the various operations d i f f e r  by a f ac to r  as 
high as 20, apparently because of differences i n  the amount and inten- 
s i t y  of turbulence on the various routes, differences i n  turbulence- 
avoidance procedures, and differences i n  operating a l t i t u d e s  f o r  the 
various operations. Significant reductions a re  noted i n  the frequency 
of occurrence of gust ve loc i t ies  with increasing a l t i t u d e  up t o  
20,000 f e e t .  Operating speeds were not reduced when rough a i r  w a s  
encountered during the climb and cruise conditions but, f o r  some opera- 
t ions ,  small airspeed reductions were noted f o r  the descent f l i g h t  
condition. 

The number of gusts per mile of 

INTRODUCTION 

A s  a continuation of NASA in te res t  i n  collecting gust loads infor- 
mation on comnercial transport airplanes, a systematic sampling program 
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for collecting normal-acceleration, airspeed, and altitude data during 
routine operations was begun in 1947. The primary purpose of this pro- 
gram was to determine the magnitude and frequency of occurrence of gust 
and maneuver accelerations, gust velocities, and the associated flight 
speeds and altitudes during operations of piston-engine airplanes of 
the type introduced after World War 11. The data were obtained with 
the NASA (formerly NACA) VGH and V-G recorders installed in several 
types of piston-engine transport airplanes which were selected for the 
purpose of obtaining representative samples of feeder, short-haul, and 
long-haul airline operations. Most of the results obtained from the 
various operations have been published (refs. 1 to 16) as the individual 
samples of data became sufficient in size for analysis. Additional data 2 
also have been obtained from operations involving airplanes of later 0 
design than those reported in references 1 to 16, and the collection 
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2 
of V-G and VGH records is continuing from airplanes engaged in current 
operations. 

For the purpose of providing a convenient reference for the gust- 
loads information obtained from the V-G and VGH data in recent years, 
a single compilation of the major results obtained from the various 
operations appeared desirable. Accordingly, the present paper sum- 
marizes the data on the gust velocities, the gust and maneuver accel- 
erations, and the operational airspeeds and altitudes for the operations 
sampled since 1947. 
and gust accelerations experienced in the various operations are indi- 
cated, and the gust accelerations are compared with the accelerations 

ations in which both V-G and VGH data samples were provided, the two 
types of data have been used to derive estimates of the overall gust 
and gust-acceleration histories. The airspeed data are examined to 
determine the airspeed operating practices in smooth and rough air. 
The variation of gust intensity with altitude is also examined. 

The magnitude and frequency of the gust velocities 

caused by operational and check-flight maneuvers. For the several oper- Y 

SYMBOLS 

"n normal acceleration, g units 

an, LLF 

A aspect ratio, b2/S 

normal acceleration corresponding to the limit-gust-load- 
factor increment (n - l), g units 

b 

C 

wing span, ft 

mean geometric chord, ft 
/- 



cumulative frequency of the per t inent  variable 

acceleration due t o  gravity, f t /sec2 

pressure a l t i t ude ,  f t  

0 - 8&Lg gust f ac to r  ( re f .  1), 
5.3 + CLg 

L 
2 
0 
2 

f l i g h t  miles represented i n  the  sample of data 2 

6A 
A + 2  

slope of the wing l i f t  curve, -, per radian m 

limit-gust-load fac tor  (computed according t o  re f .  17) n 

S wing area,  sq f t  

21_,-,W 

PoVedKg 
derived gust velocity ( r e f .  l), Ude 

V 

vB 

t rue  airspeed, f t / s ec  

design airspeed fo r  maximum gust in tens i ty  (ref.  17, 
P. 121, mph 

design cr7iising airspeed ( r e f .  17, p.  12), mph VC 

design diving airspeed ( re f .  17, p. 121, mph VD 

equivalent airspeed, f t /sec 

design maximum indicated airspeed i n  l eve l  f l i g h t  ( r e f .  18), 
mPh 

VL 

maximum indicated airspeed, mph 

indicated never-exceed airspeed ( re f .  17, p .  44), mph VNE 

VO indicated airspeed at which maximum posit ive o r  negative 
acceleration occurs on a V-G record, mph 

A 

d 

vP most probable operating indicated airspeed a t  which maximum 
acceleration occurs i n  a sample of V-G data, mph 
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W airplane weight, l b  

2w airplane mass r a t i o  ( r e f .  l), 
PC@ 

P mass density of a i r ,  slugs/cu f t  

PO mass density of a i r  a t  sea level ,  slugs/cu f t  

(T standard deviation for  a dis t r ibut ion of values 

A bar over a symbol indicates the average value of the variable 
for  the given d is t r ibu t ion  of values. 

Subscript : 

LW3X m a x i m u m  value of the variable 

INSTRUMENTATION AND SCOPE OF DATA 

The data were collected with NASA VGH and V-G recorders, which are  
described i n  d e t a i l  i n  references 19 and 20, respectively.  
recorder yields  a time-history record of indicated airspeed, pressure 
al t i tude,  and normal acceleration, from which detai led counts of the 
normal acceleration peaks of different  in tens i t ies ,  along w i t h  measure- 
ments of the associated airspeeds and a l t i tudes ,  can be obtalned. The 
V-G recorder, on the other hand, records an envelope of the posit ive 
and negative accelerations against the indicated airspeeds. Conse- 
quently, only the maximum airspeeds and the maximum posit ive and nega- 
t i v e  accelerations experienced a t  any airspeed for the t o t a l  t i m e  repre- 
sented by the V-G record (usually 100 t o  300 f l i g h t  hours) can be 
obtained. The V-G data are  used, therefore, primarily t o  obtain e s t i -  
mates of the large and re la t ive ly  infrequent gust veloci t ies ,  accelera- 
t ions,  and airspeeds, whereas the VGH data are  used fo r  more detai led 
studies of the gusts, accelerations, and the associated operating con- 
d i t ions  of airspeed and a l t i t ude .  The VGH and V-G data obtained from 
the same operation are  supplementary and my  be combined t o  derive e s t i -  
mates of the overall  gust and acceleration h is tor ies  fo r  the operation. 

The VGH 

\ 

The scope of the V-G and VGH data samples i s  summarized i n  table  I 
according t o  airplane type, operation, and type of a i r l i n e  service.  A s  
shown i n  table I, the VGH data consist of 17 samples representing opera- 
t ions 
short-haul, and long-haul a i r l i n e  service, and the V-G data consist of 
23 samples representing operations of eight types of airplanes.  

of nine types of piston-engine transport  airplanes i n  feeder, \ 

Some 
3 
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of the pertinent airplane characterist ics which were used fo r  evaluating 
the data are  given i n  table  11. The values given were obtained e i ther  
from the Civil  Aeronautics Administration, from the design manual of the 
airplane manufacturer, or from computations made i n  accordance w i t h  r e f -  
erence 17, as  indicated i n  the table. It w i l l  be noted tha t  the charac- 
t e r i s t i c s  of airplanes E and F a re  identical  except for  the difference 
i n  gross weight. 

The data were collected by various a i r l i n e s  ( ident i f ied  as  a i r l i n e s  I 
t o  XVI) on a number of routes within the United States  and on several 
transoceanic routes as  itemized i n  table I .  Operations a re  ident i f ied 
herein by a combination of the l e t t e r  designation of the airplane and the 
Roman numeral designation of the a i r l i ne .  For example, operation A - I  
r e f e r s  t o  the operating conditions shown i n  table  I fo r  airplane A and 
a i r l i n e  I .  Examination of table  I shows that samples of both V-G and 
VGH data were collected on seven operations. Samples of data for  opera- 
t ions  D-IV and J - V I 1 1  were obtained from airplanes equipped with airborne 
weather radar.  The individual data samples generally covered a t  l e a s t  
ST?? year of operation. The s izes  of the VGH data samples vary *om 
267 f l i g h t  hours t o  2,231 f l ight  ho’zs; whereas the s izes  of the V-G data 
samples a re  much larger  and v&ry from about 3,000 f l i g h t  hours t o  about 
48,000 f l ight  hours. 
the data sm3les  herein were obtained. 

Table I l is ts  the references from which most of 

EVALUATION OF RFCORDS 

VGH Iiecords 

The VGH records were evaluated essent ia l ly  i n  accordance w i t h  the 
methods used i n  reference 15 t o  obtain frequency dis t r ibut ions of gust 
and maneuver accelerations, airspeeds, and a l t i tudes .  The evaluation 
procedure consisted of reading the gust and maneuver accelerations by 
using the steady-flight position of the acceleration t race as  a refer-  
ence. Only the m a x i m u m  values of acceleration were read for  each 
deflection of the acceleration trace greater than given threshold 
values - generally +O.3g for  gust accelerations and +_O.lg fo r  maneu- 
ver accelerations.  

The accelerations were classed as gust or maneuver accelerations 
on the basis  of the c r i t e r i a  described i n  reference 16. 
erations,  together w i t h  the simultaneous values of airspeed and a l t i tude ,  
were sorted according t o  the f l igh t  condition - climb, en route, or 
descent . during which they occurred. The maneuver accelerations were 
classed and sorted according t o  t h e  purpose of the f l i g h t  on which they 
occurred. 
operational f l i g h t s  were classed as operational maneuvers and those which 

The gust accel- 

Thus, maneuver accelerations which occurred during routine 
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occurred during airplane or p i l o t  check f l i g h t s  were classed as  check- 
f l igh t  maneuvers. 

The evaluation of the records t o  obtain dis t r ibut ions of airspeed 
and a l t i tude  consisted simply of tabulating, according t o  f l i g h t  condi- 
t ion,  the indicated airspeed and pressure a l t i t ude  for  each one-dnute 
interval of f l i g h t .  

In general, the t o t a l  available samples of VGH data fo r  each opera- 
t i on  ( table  I) were evaluated for  gust accelerations, operational maneu- 
ver accelerations, check-flight-maneuver accelerations, airspeeds, and 
al t i tudes.  
instances, evaluated completely for  operational maneuver accelerations, 
inasmuch as  reasonably accurate estimates of the acceleration frequencies 
can be obtained from re la t ive ly  small record samples ( r e f .  16).  

The t o t a l  available VGH record samples were not, i n  a l l  

Derived gust veloci t ies  were calculated from the associated values 
of gust acceleration, airspeed, and a l t i tude ,  w i t h  the revised gust-load 
formula given i n  the symbol l i s t .  The values of gust factor  K@; for  
use i n  the formula were based on the mass parameter of the airplane com- 
puted for the midpoint a l t i t ude  of each 5,000-foot-altitude in te rva l .  
Since detailed information on the operating w e i g h t  a t  the time of gust 
encounter was not available i n  most cases, an assumed average operating 
weight of 0.82 design weight was used i n  determining the values of Kg 
and i n  computing the gust veloci t ies .  For three operations, however, 
the operators supplied information on the average operating weights and 
these values (0.8OW fo r  operation J-VI, 0.86W for  J-VIII, and 0.73W for  
J-X)  were used i n  computing the gust veloci t ies .  

V-G Records 

The values read from each V-G record were the maximum posit ive and 
the airspeeds Vo a t  which the maximum negative accelerations 

accelerations occurred, and the maximum indicated airspeed V-. Accel- 
erations which occurred a t  low speeds (below 120 t o  160 miles per hour, 
depending upon the airplane type) were not read i n  order t o  exclude the 
e f fec ts  of maneuver during take-off and approach and impact shocks during 
landing. 

,-, 

The m a x i m u m  posit ive and negative gust veloci t ies  Ude,max were 
computed for each record by using the acceleration values and the cor- 
responding values of airspeed i n  the gust-velocity formula ( r e f .  1). 
The values of the gust factor  Kg used f o r  evaluating the gust veloci t ies  

L 
2 
0 
2 

4 
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f r o m  the V-G d.ata were based on the estimated average operating alti- 
tudes and on an assumed average operating weight of 0.83 design weight. 

RESULTS 

Gust Accelerations 

The frequency distributions of the gust accelerations obtained f r o m  
the V-G and VGH records are given in table I11 for each of the operations. 
The positive and negative acceleration distributions for each data sample 
have been combined in the table inasmuch as the two distributions were 
essentially symmetrical. 
flight miles represented by each of the distributions. 

Included in the table are the flight hours and 

In order to facilitate comparison of the gust-acceleration experience 
for the various operations, the VGH and V-G gust acceleration data given 
In table I11 axe plotted in figure l(a) and l(b) , respectively, in terms 
of the average frequency vith .,.k?ich $veri values of acceleration per mile 
of flight would be exceeded. The ordinate values were obtained %>- grs- 
gressively summing each distribution of table I11 (by starting with the 
frequezcy for the largest acceleration) and then dividing each sum by 
the number of flight miles represented in the sample. The seven samples 
of V-G acceleration data from airplane A were combined into one overall 
distribution to represent this type of airplane and this overall dis- 
tribution is plotted in figure l(b). The distribution of V-G accelera- 
tion data for operation A-I is also given in figure l(b) for subsequent 
comparison with the VGH acceleration data for operation A-I from fig- 
ure l(a). The curves in figure 1 were faired to represent the trerids 
of the distributions. 

The average gust acceleration frequencies for the climb, the en route, 
and the descent flight conditions are shown in figure 2 for three opera- 
tions. 
given in table I11 and are typical of similar results obtained for the 
other operations. 

These results were plotted f’rom breakdowns of the VGH data samples 

Estimates of the overall gust acceleration histories, which are 
given in figure 3, were plotted fiomthe distributions of accelerations 
for those operations which supplied samples of both V-G and VGH data. 
The curves shown in the figure were faired to indicate the expected 
acceleration frequency for the entire range of measured accelerations. 
The faired curves take into account the tendency of the V-G data, because 
of the envelope nature of the record, to underestimate the fYequency of 
the smaller accelerations. (See ref. 5.) 
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A s  shown i n .  f igure 3 ,  the  V-G and VGH data points fo r  operation D-IV 
without radar do not appear t o  be as compatible as the V-G and VGH data 
obtained wi th  radar. Since reference 8 w a s  published, that par t  of the 
data for  operation D-IV which came from t h i s  reference has been reexamined 
i n  greater de t a i l ,  and it i s  now believed that the V-G records obtained 
before the ins ta l la t ion  of weather radar may have been amplified somewhat 
by s t ructural  vibrations although the magnitude of the amplifications i s  
not known. 
radar is, therefore, open t o  some question. In t h i s  regard, however, it 
may be noted that the suspect V-G data appear t o  be i n  f a i r  agreement 

d 

The r e l i a b i l i t y  of the V-G data for  operation D-IV without 

with V-G data obtained from other short-haul. operations without airborne 
weather radar using airplanes of similar type flown a t  approximately the 
same al t i tudes.  

L 
2 
0 
2 

(Operations C-V, C-M, and C-XVI, f i g s .  l ( b )  and 6(b) . ) 
The transport airplanes on which the data were collected were 

designed for  different  limit-gust-load factors,  depending upon such 
characterist ics as wing loading and airspeed, and consequently the 
acceleration dis t r ibut ions given i n  figure 3 do not provide a d i rec t  
comparison of the re la t ive  severity of the gust-load experience i n  the 
different operations. In  order t o  r e l a t e  the accelerations t o  the a i r -  
plane design values, therefore, the acceleration h i s to r i e s  represented 
by the faired curves i n  figure 3 are  replot ted i n  figure 4 i n  terms of 
the average frequency with which given proportions of the limit-gust- 
load factor increment were exceeded per mile of f l i g h t .  For t h i s  pur- 
pose, the measured accelerations &n were divided by the acceleration 

&n,~w corresponding t o  the computed limit-gust-load factor  increment 
fo r  each airplane (n  - 1 where n i s  given i n  tab le  11) . 7 

Maneuver Accelerations 

The frequency dis t r ibut ions of the posit ive and negative operational 
and check-flight maneuver accelerations evaluated from the VGH records 
a re  presented i n  table  IV, together w i t h  the f l i g h t  hours and f l i g h t  
miles represented by each dis t r ibut ion.  In  addition, t h i s  table gives 
fo r  each data sample the number of hours actual ly  spent i n  check f l i g h t s .  
The large amount of rough a i r  experienced i n  operation A - I  made it 
impractical t o  distinguish the operational maneuver accelerations from 
the gust accelerations on the VGH records and, consequently, operational 
maneuver data for  t h i s  operation are  not given i n  tab le  I V .  

For comparison purposes, the posit ive and negative dis t r ibut ions 
of accelerations from operational and check-flight maneuvers ( tab le  IV) 
a re  plotted i n  f igure 5 for  each operation i n  terms of the average f r e -  
quency of occurrence of accelerations greater than given values. 
maneuver and check-flight acceleration frequencies plot ted i n  figure 'j 

sample. 

\ The 

are  based on the f l ight  miles given i n  table  IV fo r  each respective 4 
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Gust Velocities 

I 

I 

The frequency dis t r ibut ions of the gust veloci t ies  derived from 
the VGH and V-G data are  given i n  table V fo r  each of the operations 
and, i n  addition, a re  plot ted i n  figures 6(a) and 6(b),  respectively, 
i n  terms of the average frequency of exceeding given values of gust 
velocity per mile of f l igh t .  For those operations which supplied both.  
V-G and VGH data, estimates of the overall gust h i s to r i e s  were obtained 
i n  a manner similar t o  that  used fo r  the acceleration data of figure 3, 
and the estimates a re  given i n  figure 7. The apparent drop-off i n  gust 
frequency a t  the low values of gust velocity ( f i g .  6(a))  i s  a t t r ibu ted  
t o  incomplete frequency counts near the reading threshold. 

In  order t o  obtain an estimate of the average variation of the gust 
frequency w i t h  a l t i tude ,  the gust data from the various VGH data samples 
were sorted and combined in to  a single d is t r ibu t ion  fo r  each 5,000-foot 
in te rva l  of pressure a l t i t ude .  The gust-velocity dis t r ibut ions thus 
obtained are  plot ted i n  figure 8 together w i t h  the number of f l i g h t  
miles represented 5:: PI IC~ distribution. 

Airspeeds 

The airspeeds read from the VGH records a t  1-minute intervals  were 
used t o  obtain the overall  distribution of indicated airspeeds for  the 
climb, en route, and descent f l ight conditions and the airspeeds corre- 
sponding t o  the gust accelerations were used to-obta in  the d is t r ibu t ion  
of airspeeds i n  rough air .  A s  an i l l u s t r a t ion  of the type of dis t r ibu-  
t ions obtained, the r e su l t s  fo r  one operation a re  given i n  figure 9(a) 
as  the fract ion of the t o t a l  time i n  each fl ight condition which w a s  
spent a t  given airspeeds. For comparison w i t h  the airspeed data, the 
design speed for  maximum gust intensity VB and the design cruising 
speed Vc are  a l s o  indicated i n  the figure. In  order t o  summarize 
similar r e su l t s  from the various operations, the average indicated air-  
speeds V and the standard deviation of the airspeeds u were obtained 
fo r  each d is t r ibu t ion  and are  given i n  table VI as fract ions of the 
design cruising speed Vc. 
three fl ight conditions, the table  a lso gives the average airspeeds 
based on the t o t a l  dis t r ibut ion of airspeeds fo r  each operation. The 
data from table VI are  plot ted i n  figure g(b) i n  order t o  f a c i l i t a t e  
comparison of the average airspeeds i n  smooth air  w i t h  the  average air- 
speeds In  rough air  (a, 5 0.Jg). 

- 

In  addition t o  the r e su l t s  given fo r  the 

In  addition t o  the  average airspeeds obtained from the VGH records, 
the airspeed data from the V-G records were used t o  determine the most 
probable spee0 Vp a t  which maximum acceleration would be experienced. 
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(See r e f .  2 . )  For each operation the r a t i o s  of Vp t o  the design 

cruising speed Vc 
exceed speed Vm a re  given i n  table V I I .  A comparison of V V 
w i t h  the average speeds i n  rough air 
fo r  the operations which supplied both V-G and VGH data. 

and the average flight miles t o  exceed the never- 

PI c 
Vro*/Vc i s  given i n  figure g(c) 

For convenience i n  comparing the maximum airspeeds obtained i n  the 

given 
different  operations, Pearson Type I11 probabili ty curves (see ref.  2) 
were used t o  describe the dis t r ibut ion of maximum airspeed V- 
i n  table V I I .  These curves a re  plot ted i n  f igure 10 i n  terms of the 2 
average flight miles required t o  exceed given fract ions of the design 
never-exceed speed Vm. Inasmuch as the analysis is  concerned mainly 2 

L 

0 

w i t h  the high values of 
values of airspeed are given i n  figure 10. 
are indicated by the dashed portions of the curves. 

V-, only the par t  of the curves fo r  the larger  
Extrapolations of the data 

Alti tudes 

The values of pressure a l t i t ude  read from the VGH records were used 
t o  obtain the dis t r ibut ions of flight time spent a t  given a l t i t udes  during 
the climb, en route, and descent flight conditions. Inasmuch as the a l t i -  
tude distributions obtained fo r  the operations i n  each type of service 
( i . e . ,  feeder, short haul, or long haul) were similar, the dis t r ibut ions 

f igure 11 t o  show the percentage of t i m e  spent above given a l t i t udes  i n  
each f l igh t  condition. The average cruising a l t i t udes  fo r  each operation 
a re  given i n  table I and the percent of t o t a l  t i m e  spent i n  each f l ight  
condition i s  given i n  table  V I .  

were combined according t o  the three types of service and are  plot ted i n  Q 

RELIABILITY OF RESULTS 

The r e l i a b i l i t y  of the V-G and VGH results depends upon the instru- 
ment and in s t a l l a t ion  errors ,  record-reading errors ,  and sampling e r rors  
a t t r ibutable  t o  the l imited s izes  of the available samples. 
inherent i n  the instruments are discussed i n  d e t a i l  i n  references 19 
and 20.  
d e t a i l  i n  references 5 and 16. 
the r e l i a b i l i t y  of the data presented are given i n  the following 
paragraphs. 

The e r rors  

Record reading er rors  and sampling e r rors  are discussed i n  
The mador considerations pertinent t o  

\ 

The VGH ins ta l la t ions  met the basic in s t a l l a t ion  requirements given 
i n  reference 19; consequently, the in s t a l l a t ion  e r rors  f o r  the present 
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data are believed t o  be negligible. 
e r rors  i n  the VGH data fo r  each of the quant i t ies  measured are:  

The estimated maximum instrument 

Acceleration, g units . . . . . . . . . . . . . . . . . . . . .  kO.05 

Indicated airspeed, mph: 
A t  100 mph . . . . . . . . . . . . . . . . . . . . . . . . .  *3 
At300mph . . . . . . . . . . . . . . . . . . . . . . . . .  +3 

Pressure a l t i tude ,  f t :  
A t 2 , 0 0 0 f t . .  . . . . . . . . . . . . . . . . . . . . . . .  kl5O 
A t  20,000 ft  . . . . . . . . . . . . . . . . . . . . . . . .  +3OO 

On the basis of laboratory calibrations of the V-G recorder (see ref. 20) 
the instrument e r rors  are  l e s s  than  kO.lg fo r  acceleration and about 
1 percent of the full range of airspeed covered by the recorder. 

Random er rors  which may have occurred i n  reading the V-G records 
a re  f e l t  t o  have negligible e f fec t  on the V-G data. Errors i n  reading 
the VGH records, altnougli estiixitec! tc he small, of the order of O.O5g 
(see r e f .  S), can seriously a f fec t  the estimated number of accelerations 
exceeding given values. Experimental checks have indicated that f o r  
individual records the counts above O.3g a re  only re l iab le  t o  about 
+3O percent. Since the reading errors tend t o  balmce out as the 
VGH data samples increase i n  size,  it is  estimated that the values fo r  
the cumulative frequency per mile given i n  figures l(a) and 6(a) are 
accurate t o  within f20 percent. 

There i s  no precise method evailable for  determining the statisti- 
c a l  r e l i a b i l i t y  (that i s ,  applicabili ty t o  extended periods of operation) 
of the present resu l t s .  
VGH data were obtained, however, by examining the variations i n  the 
data from groups of records forming the t o t a l  samples. 
vations and past  experience with resu l t s  of the type presented, the  
t o t a l  dis t r ibut ions of gust accelerations ( f ig s .  1, 3,  and 4)  and gust 
veloci t ies  ( f ig s .  6 and 7) are believed t o  be re l iab le  within a fac tor  
of 3 on the ordinate scale a t  the smaller values and within a fac tor  
of 4 a t  the higher values. 
f l i g h t  condition ( f i g .  2) i s  less,  however, since these dis t r ibut ions 
represent smaller data samples. The maneuver acceleration frequencies 
given i n  figure 6 a re  estimated t o  be r e l i ab le  within a factor  of 4 
over the range of the data. 

Rough estimates of the r e l i a b i l i t y  of the 

From such obser- 

The r e l i a b i l i t y  of the dis t r ibut ions by 

No special  operating limitations, with the exception of airspeed 
r e s t r i c t ions  tha t  were imposed i n  the case of operation B - I 1  (see r e f .  6),  
a re  known t o  have been i n  force when the present data were collected; 
therefore these data, as a whole, a re  considered t o  represent normal air- 
l i n e  operations. The e f fec ts  of dynamic s t ruc tura l  response on the  
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t 
accelerations measured a t  the center of gravity of the airplanes used 
i n  the  present investigation a re  i n  most instances unknown and are not 
accounted fo r  i n  e i ther  the acceleration or gust-velocity data. A s  an 
indication of the magnitude of the dynamic effects ,  however, it may be 
noted tha t  past  f l ight t e s t  investigations ( r e f .  21) indicate amplifica- 
t ions of about 5 percent fo r  airplane A and about 20 percent fo r  
airplane B. 

- 

DISCUSSION 

Gust Accelerations 

Inspection of the VGH and V-G acceleration data i n  figure 1 shows 
variations on the order of 40 t o  1 i n  the frequencies of occurrence of 
given values of acceleration for  d i f fe ren t  operations. 
high as 8 t o  1 are  evident between the acceleration frequencies f o r  the 
same type of airplane operated on d i f fe ren t  routes (operations J-VI, 
J - V I I I ,  and J - X  i n  figure l (a ) ,  for  example). 
the acceleration h is tor ies  i n  figure 1 are due, primarily, t o  differences 
i n  the airplane wing loading (see table  11) and, t o  a l e s se r  extent, t o  
differences i n  the severity of the gusts experienced and the operating 
airspeeds i n  rough air .  

Variations as 

The variations noted i n  

The r e su l t s  shown i n  figure 4 indicate tha t  although maximum varia- 
t ions  on the order of 10 t o  1 are  apparent between d i f fe ren t  operations 

factor  increment a 

most part  about 3 t o  1. The re la t ive ly  low acceleration increments fo r  
operations A - I  and D-IV i n  figure 4 were apparently a t t r ibu tab le  t o  the 
use of airborne weather radar i n  the case of operation D-IV and t o  con- 
servative operating practice i n  regard t o  severe weather avoidance i n  
the case of operation A - I .  (See ref.  4 .) From the overal l  viewpoint, 
the resul ts  i n  figure 4 indicate tha t  fo r  most of these transports 

i n  the frequencies w i t h  which given proportions of the limit-gust-load 
would be exceeded, the variations were fo r  the 

n , m  

an,L,LF would be exceeded, on the average, i n  about 10' miles of f l ight.  

Figure 2 indicates that fo r  cer ta in  operations, variations on the 
order of 10 t o  1 may be expected between the frequencies at  which given 
values of acceleration would be exceeded during the climb, en route, and 
descent f l ight  conditions. The re su l t s  sham f o r  the three operations 
are representative of similar r e su l t s  fo r  the other operations and indi- 
cate, i n  general, that the greatest  number of accelerations per mile of 
f l ight  were experienced i n  the descent condition and the least number i n  
the  en route condition. 
descent condition i s  due t o  the combined e f f ec t s  of increased gust fre- 

\ 

The higher frequency of occurrence during the 

quency a t  low a l t i tudes  ( f ig .  8) and high indicated airspeeds during the I 

L 
2 
0 
2 
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descent ( tab le  V I ) .  Although generally less than X )  percent of the 
fl ight time w a s  spent i n  descent (see table V I ) ,  a high percentage 
(40 t o  75 percent) of the t o t a l  nmiber of accelerations 9 iO.3g fo r  
each operation occurred during t h i s  f l igh t  condition. A reduction i n  
airspeed i n  rough air for  t h i s  portion of f l ight could resu l t ,  there- 
fore,  i n  a substant ia l  reduction i n  the t o t a l  number of accelerations 
experienced. 

4 

Maneuver Accelerations 
L 
2 
0 
2 

8 :  

Consideration of the operational maneuver data i n  figure 5 indi- 
cates that the posit ive and negative dis t r ibut ions a re  roughly symmetri- 
ca l  and that the maximum operational maneuver accelerations are generally 
about 20.6g. A comparison of the data from the  d i f fe ren t  operations 
indicates that  variations on the order of 10 t o  1 e x i s t  i n  the frequency 
of occurrence of given values of operational maneuver accelerations.  
The differences could not be correlated w i t h  such parameters as airplane 
w e i g h t  or length of flight, and the differences are therefore believed 
t o  be due t o  factors  such a6 t ; ~ e  si' Operation, p i l o t  technique, and 
airplane handling character is t ics .  

The check-flight-maneuver data i n  figure 5 indicate that fo r  most 
of the operations, the posit ive accelerations tend 30 be larger  and t o  
occur more frequently than the negative accelerations.  Variations on 
the order of 100 t o  1 ex i s t  i n  the frequency of occurrence of given 
values of check-flight-maneuver accelerations fo r  the different  opera- 
t i ons  and are apparently due t o  differences between a i r l i n e  and p i l o t  
pract ice  i n  regard t o  the ty-pe, severity, and frequency of maneuvers 
performed during the check f l i gh t s .  

Figure 5 shows that gust accelerations were generally l m g e r  and 
more frequent than maneuver accelerations. For several operations, how- 
ever, posit ive accelerations caused by check-flight maneuver were as 
large as, and occurred as frequently as, accelerations caused by gusts.  
From consideration of the overall  resul ts ,  therefore, maneuver accel- 
erations can contribute substantially t o  the t o t a l  loads h i s to r i e s  of 
transport  airplanes.  

Gust Velocities 

Consideration of the gust-velocity dis t r ibut ions i n  figure 6 indi- 
cates that large differences exis t  between the frequency of occurrence 
of given values of gust velocity for the various operations. 
on the order of 10 t o  1 are noted i n  the gust frequencies fo r  the range 
of gust veloci t ies  represented by the VGH data ( f i g .  6(a)), and the 
largest  differences evident i n  the gust frequencies for  the larger  gust 

Variations 
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velocit ies ( f i g .  6 (b ) )  covered by the V-G data do not exceed about 20 
t o  1. Similar variations ex i s t  i n  the gust frequencies for  given air- 
plane types operated on different  routes (airplane H i n  f i g .  6(a) and 
airplane G i n  f i g .  6(b) ,  fo r  example). 
resulted from a combination of several factors,  such as  actual  d i f fe r -  
ences i n  the amount and intensi ty  of turbulence on the various routes, 
differences in  operating practices i n  regard t o  turbulence avoidance, 
and t o  differences i n  operating a l t i tudes  for  the various operations. 

These differences apparently 

Comparison of the estimated overall  gust h i s tor ies  i n  figure 7 
(combined V-G and VGH data) indicates variations of only about 5 t o  1 
for  gust veloci t ies  larger  than 20 f ee t  per second i f  the r e su l t s  fo r  
operation A - I  are discounted. 
apparently resul ted from the effect ive avoidance of severe turbulence as 
w a s  previously noted. The gust h i s tor ies  i n  figure 7 appear t o  be closely 
related i n  order of severity t o  the order fo r  the gust-load h i s to r i e s  of 
figure 4. 
frequencies (operations A - I  and D-IV) a l so  have the lowest gust-load 
frequencies. 

The low gust frequencies fo r  operation A - I  

For example, the two operations which have the lowest gust 

Figure 8 indicates s ignif icant  reductions i n  the frequency of 
occurrence of given values of gust velocity w i t h  an increase i n  a l t i t ude  
up t o  20,000 f e e t .  
fo r  a l t i tudes from 20,000 t o  25,000 fee t  than fo r  a l t i t udes  from l5,OOO 
t o  20,000 f ee t .  This apparent reversal  i n  the trend of the data may not 
be significant, however, and may be due i n  par t  t o  an attempt t o  f l y  
above the more severe turbulence conditions a t  the  lower operating a l t i -  
tudes. In  addition, the r e l i a b i l i t y  of the VGH data may be somewhat 
l e s s  f o r  a l t i tudes  from 20,000 t o  25,000 f ee t  than fo r  the lower a l t i -  
tudes because of the smaller amount of time spent above 20,000 f e e t .  

The r e su l t s  indicate a somewhat higher gust frequency 

Airspeeds 

The airspeed r a t i o s  v/Vc given i n  table  V I  indicate tha t  the 
average overall  airspeeds i n  each f l i g h t  condition (climb, en route, 
and descent) were substantially lower than the design cruising speed 
The average speeds range from about 0.5Vc t o  0.9Vc and, i n  general, the  
airspeeds were lowest during the climb and highest during descent. 

Vc. 

Comparison of the speeds i n  rough air  w i t h  the overal l  speeds (see 
table  V I  and f i g .  g (b) )  indicates that the airspeeds were not reduced 
upon encountering rough air (an 5 a . 3 g )  during the climb and en route 
conditions, but some small reductions i n  speed were made during descent 
i n  several operations, par t icular ly  those involving the operations of 
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the type J airplane.  
most of these operations were about equal t o  the design speed for  maxi- 
mum gust in tens i ty  VB 
speed w a s  necessary upon encountering rough air .  
cant airspeed reductions i n  rough air for  the en route and descent 
conditions may be due t o  inabi l i ty  of the p i l o t  t o  ant ic ipate  the tux- 
bulence soon enough t o  reduce airspeed or t o  a pract ice  among p i l o t s  of 
not reducing airspeed except fo r  very severe turbulence. 
figure 9(c) indicates t ha t  the most probable speed fo r  the occurrence of 
maximum acceleration fo r  three operations w a s  about equal t o  the average 
speed i n  rough air  and w a s  5 t o  10 percent lower f o r  other operations. 
It appears, therefore, that airspeeds were reduced when severe turbu- 
lence was encountered for  some operations but not for  others. 

Inasmuch as the average speeds during climb fo r  

(see, for  example, f i g .  g ( a ) ) ,  no change i n  air- 
The absence of s ign i f i -  

In  t h i s  regard, 

The r e su l t s  presented i n  figure 10 indicate tha t  the estimated 
number of f l ight  miles t o  exceed the design never-exceed speed vary by 
several  orders of magnitude between the d i f fe ren t  operations. 
r e su l t s  suggest tha t  the probability of exceeding Vm is  extremely 
remote fo r  airplanes A and €3. 

fl ight miles t o  exceed Vm range from approximately 10 fl ight miles 
t o  lo8 fl ight miles w i t h  an average value on the order of 5 x 10 6 flight 
miles. 
r e s u l t s  fo r  airplane A are excluded, there are no appreciable differences 
between the frequencies w i t h  which the two-engine and four-engine air- 
planes would exceed Vm. 
various airplanes, it may be mentioned tha t  the high speeds were generally 
a t ta ined w h i l e  the airplanes were flying i n  re la t ive ly  smooth 

The 

For iile o the r  s i ~ l s ~ e s ;  the estimated 
5 

The results i n  figure 10 indicate tha t  i f  the extrapoiated 

I n  regard t o  the high speeds recorded on the 

Altitude s 

The average cruising pressure a l t i tudes  for  the various operations 
sampled ranged from about 5,500 feet t o  19,000 f ee t  ( tab le  I),  although 
some of the long-haul airplanes occasionally operated as high as 
25,000 f ee t .  
i n  operating a l t i tudes  for  the three types of operations represented by 
the present data. 
a l t i t ude  dis t r ibut ions fo r  the feeder operation and the other operations 
may be a t t r ibu ted  t o  the considerably higher t e r r a in  and a i rpor t  eleva- 
t ions fo r  operation A - I  than fo r  the short-haul and long-haul operations. 
It is  a l so  indicated i n  figure 11 that most piston-engine long-haul 
operations only occasionally exceeded pressure a l t i tudes  of about 
20,000 feet .  For operations involving airplane J, however, which had 
the highest cruising al t i tudes,  more than 30 percent of the cruise  t i m e  
w a s  spent above 20,000 f ee t .  

The a l t i t ude  data shown i n  figure 11 define the pa t te rn  

The differences between the climb and descent pressure- 
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CONCLUSIONS 

An analysis of V-G and VGH data obtained during 1 9 7  t o  1958 from 
feeder, short-haul, and long-haul transport  operations has indicated 
the following r e su l t s  : 

1. Maximum variations between the acceleration f'requencies f o r  the 
various operations were about 40 t o  1 but, i n  general, most of the 
acceleration f'requencies varied by not more than 10 t o  1 and were due 
primarily t o  differences i n  airplane wing loadings and t o  a lesser  extent 
t o  differences i n  gusts encountered and airspeeds flown i n  rough a i r .  2 

L 

0 
2 2.  Variations i n  the frequency of occurrence of given fract ions of 

the  limit-gust-load factor increment fo r  the d i f fe ren t  operations gen- 
e ra l ly  were less than about 5 t o  1. The gust loads appear t o  be closely 
related i n  the i r  order of severity t o  the gust veloci t ies  fo r  the various 
operations. 

3 .  The operational maneuver accelerations a re  smaller and occur l e s s  
frequently than the gust accelerations.  Variations i n  the frequency of 
occurrence of check-flight maneuver accelerations for  the various opera- 
t ions were as  high as  100 t o  1 and, for  some operations, posit ive check- 
f l i gh t  maneuver accelerations were 8s large and occurred as frequently 
as gust accelerations. 

b 4 .  The number of gusts per mile of f l ight experienced i n  the various 
operations differed by a factor  as high as 20, apparently because of 
differences i n  the amount and intensi ty  of turbulence on the various 
routes, differences i n  turbulence-avoidance procedures, and differences 
i n  operating a l t i tudes  for  the various operations. 

5 .  Significant reductions were noted i n  the frequency of occurrence 
of gust velocit ies w i t h  increasing a l t i t ude  up t o  20,000 f e e t .  

6 .  In general the airspeeds were not reduced when rough air  waa 
encountered during the climb and cruise conditions but, f o r  some opera- 
t ions,  small airspeed reductions were noted f o r  the descent f l ight 
condition. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field, V a . ,  A p r i l  24, 1959. 
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TABIX I.- SCOPE OF VGH AND V-C WTA FOR OPERATIONS FROM 1947 M 1958 

VCH Data 

I 
jervice Routes flown T-- iverage operating condition iecords analyzed 

lrlinc Airplane 

A 

B 

C 

D 

2D 

D 

F 

G 

H 

H 

H 

J 

2J 

J 

K 

K 

K 

hr 

I 
I 

Feb. 1953 

Aug. 1954 
to j 1 0.63 I 9,600 146 I 127 B i l l i n g s ,  Mont. 

E l  Paso, Tex. 

transcontinental 203 176 I I I1 

I11 676 1.8 
Apr. 1950 

Apr. 1952 
to I 1 

198 172 F 192 167 

New York - 
Los Angeles 

New York - 
Seattle 

New York - 
Seattle 

Chicago - 
Los Angeles - 

Seattle 

T 
8 
N 

Iv 267 0.6 
Oct. 1955 

Apr. 1956 

Apr. 1956 

Apr. 1958 

July 1955 
oct. 1956 

IV 

__ 

V 

693 1.5 
I 

0.83 I 11,200 195 169 

225 195 t 217 188 

187 162 

228 190 

I I 

VI New York - 

Alaska 

Southern 
transcontinental 

I 

VI1 
Apr. 1956 

Mar. 1957 
to I 1 2.56 1 9,500 -- a I 

1,062 + 2.8 

1.95 I 14,100 Jan. 1950 

oct. 1953 

Nov. 1951 

Aug.  1953 

Aug. 1953 

to 1 

to 1 

to 1 
Nov. 1955 

Oct. 1955 

SePt. 1957 
to 1 

June 1956 

July 1958 

Oct. 1955 

to 2 

to 2 
oct. 1956 

Feb. 1950 
t o  1 

May 1952 

I11 

I 
Iv New York - 1 san h.ancisc0 

f 

I 

VI11 1,721 4.5 1.86 I 14,300 New York - 

new York - 

Caribbean 

New York - 
Miami - 
Caribbean 

218 189 

242 210 

e45 213 

250 217 

217 188 

ml 180 

214 1% 

I 
VI 

VI11 

I 

X 
Chicago - 

New Orleans - 

Northern 
transcontinental I1 

IV 

__ 

M 

Honolulu - I san Francisco - 
Nov. 1951 

Ikc. 1953 
Mar. 1952 

Sept . 1953 
Northern trans- 
atlantic and 
South America 

'Service: 
a - Feeder 
b - Short-haul 
c - Long-haul 

%quipped with airborne weather radar. 
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ThXZ I.- SCOPE OF WE V-G WTA FWI OPWATIONS IROM 1947 TO 1958 - Concluded 
V-G mta 

I 1 I I I I Records smslvred I 

Jan. 1951 

July 1953 
K E Northern t o  4 166 traIlScontinentA1 I1 

11,276 

9,829 
- 
10,409 

25,239 
- 
7,534 

Equivllent Average Ref 
night  hour. 
miles per record 

1 . 9 ~  lo6 1% 

1.7 %3 

1.8 347 

3.9 s a  

1.5 597 

2 

5,494 0.8 

11 

6,602 
- 
15,387 4.1 93 15 
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TABLE IV.- IREPUENCY DISIRDVl'IONS OF UANEUVW AC-TIONS AIM VOB REWRDS 

h q u e n c y  dis t r ibut ion for operation - 
r-VI11 __ K - I 1  

~ 

1.1 to 1.2 ------ 
1.0 t o  1.1 ------ 

.9 to  1.0 ------ 

.7 to  .8 1 

.6 to .7 0 

.5 to .6 0 

.4 to  .5 16 

.J to  .4 98 

.e to  .3 822 

.1 to .2 5.1445 

.a to .9 ------ 1 
3 
1 
7 

16 
77 

649 
L3.888 

1 
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(a) VGH data. 
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Figure 1.- Frequency with which given values of gust acceleration per 
mile of f l i g h t  a re  exceeded. 
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(b) V-G data. 

Figure 1.- Concluded. 
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Figure 2.-  Frequency with which given values of gust acceleration per 
m i l e  of f l i g h t  are  exceeded during the  climb, en route f l i g h t ,  and 
descent condition. 
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Figure 4.- Comparison of gust-load histories for various operations 
identified in table I. (VGH and V-G data combined.) 
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Figure 5.- Comparison of frequencies with which given values of gust and 
maneuver accelerations per mile of flight are exceeded. (VGH data.) 
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Figure 5.- Concluded. 
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(a)  VGH data. 

Figure 6.- Frequency with which given values of gust veloci ty  per mile 
of f l i g h t  are exceeded. 
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Figure 6 .- Concluded. 
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Figure 7 .- Comparison of derived gust-velocity h i s t o r i e s .  (VGH and 
V-G data combined.) 
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Figure 8.- Frequency of exceeding given values of derived gust veloci ty  
p e r  mile of f l i g h t  with p r e s s u r e  a l t i t u d e .  (VGH da t a . )  
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Figure 10.- Average flight miles for maximum indicated airspeed t o  
exceed a given value. 
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Figure 11.- Percentage of time spent above given a l t i t u d e s  during the 
climb, en route, and descent f l i gh t  conditions. (VGH data . )  

NASA - Langley Field, Va. L-202 


